A numerical simulation model of a shock wave in air at velocity 12km/s and pressures 1.83 10 -6 atm is presented. The thermal dissociation, neutral exchange reactions, dissociative recombination reactions, associative ionization, electron-impact ionization, charge-exchange reactions, ion-molecule reactions, excitation of oxygen and nitrogen molecule vibrations at translational-vibrational (VT) energy exchange, vibrational (VV) energy exchange, nonequilibrium dissociation of diatomic molecules, radiation are taken into account in the model.
Introduction
A model of multi-temperature chemical kinetics and radiation is created for study of air shock waves kinetic structure. It is assumed that the Boltzmann distribution of molecules at lower vibrational levels would not be significant disturbed, therefore there is the possibility to use vibrational temperatures for molecular components (N 2 , O 2 ). The electron energy conservation equation is formulated for calculation temperature of electrons. At the formulation of the equation the following kinetical processes are taken into account: elastic electron-ion and electron-neutral collisions, association-ionization and dissociationrecombination reactions, impact electron-atom ionization, electron-vibrational interactions.
Gasdynamic, kinetic and relaxation equations
The governing equations for determination of gas parameters behind a shock wave front were taken in the following form: 
where: ( 2 5 , u, p are the density, velocity and pressure; T, h are the temperature and enthalpy; x i is the molar fraction of i-th chemical components; m i is the mass of i-th component; k, R 0 are the Boltzmann and the Avogadro constants; i is the characteristic vibrational temperature ( =3354K for N 2 , =2240K for O 2 ); L is the number of diatomic molecules. All functions before the shock wave front are marked by zero-symbol.
It is presumed, that the jump of gas dynamics variables p, T, , u occurs on the shock wave front (z=0), but the initial concentrations x i,0 and vibrational temperatures T v,i,0 do not change.
Any chemical reaction in the gas mixture under consideration is presented in the following form:
where a k,j , b k,j are the stoichiometric coefficients of the forward and reverse reactions. The kinetics equations for molar-volume concentrations X k are used in the following form:
where: N is the number of gas components; N R is the total number of reactions; k, i and j label components and reactions correspondingly; All forward and reverse rate coefficients were represented in the common form
where j is the reaction number; coefficients A j , n j , E j are the approximation coefficients for the empirical data presented in Ref. [1] [2] [3] [4] .
The relaxation equations for vibrational energy are written in the form: 
e mj is the average number of vibrational quanta per one molecule lost (or gained) by the m-th molecules through each of the j-th chemical reaction; for the recombination reactions e mj was calculated as follows: In accordance with the Treanor-Merroun model [2] , the dissociation rate coefficients were calculated as follows: p e is the electronic fractional pressure, atm.
Numerical simulation results of gas flows behind the shock wave front in the CO2-laser radiation field
Results of numerical simulation of shock wave kinetics in the Earth atmosphere at velocity V 0 =12km/sec and height of H=90km (the pressure of undisturbed air p=1.83 10 -6 atm, and temperature T=180K) are presented in Figure 1 . molecules come into equilibrium with translational degrees of freedom at distances ~1cm (Fig.1,a) . 2. Electronic gas comes into equilibrium with heavy particles at distances ~100cm (Fig.1,a) . (Fig.1,c) are generally formed by the electron-vibrational interaction (at distances 0.1-1cm), and the impact electron-atom ionisation (z>0.6cm). 5. Electronic gas is heated at associationionization processes, electron-vibrational interactions, and at electron-atom and electronion collisions (Fig.1,d ) Figures 2-4 show numerical simulation results which are corresponding to consecutively incremental powerful of laser radiation intensity. A comparison of Figs.1 and 2 shows that the laser radiation flux W ~10 4 W/cm 2 has negligible effect on the shock wave kinetics. Significant changes in the kinetic structure can be observed at W >10 5 W/cm 2 . It should be stressed that such levels of laser radiation flux are relatively low in comparison with intensities need for optical breakdown. In considered cases the general mechanism of energy transfer from laser radiation to excited gas components is the backbremsstrahlung absorption, that is the energy of laser radiation is directly transferred to the electronic gas, and only after that this energy is dissipated by different collision mechanisms. Obviously that laser radiation of another wavenumber will have another mechanism of interaction with shock waves.
A phenomenon of the electronic gas heating by the CO 2 -laser radiation with flux 10 5 W/cm 2 is illustrated in Fig.3 ,a. Figure 4 illustrates significant effect of the laser radiation. In this case (V 0 =12km/sec) the laser radiation accelerates ionization processes from distances approximately 10cm behind the shock wave front, and as a result one can observe additional cooling of the gas in this region. An analysis of Figs.4,c,d permit to make a conclusion concerning general mechanisms of energy transfer at different subregions behind the shock wave front. At presence of the CO 2 -laser radiation the heating of the electronic gas becomes a general mechanism at z>1cm. Energy losses are mainly coupled with ionization processes, but at z>10 cm the general mechanism is electronic-ions collisions.
Conclusions

1.
A numerical simulation model of nonequilibrium physical-chemical processes behind shock waves in air at velocity 12km/sec and pressures 1.83 10 -6 atm in the field of the CO 2 -laser radiation is presented. The following processes are taken into account: chemical reactions (thermal dissociation, neutral exchange reactions), reactions involving charged particles (dissociative recombination reactions, associative ionization, electronimpact ionization, charge-exchange reactions, ion-molecule reactions), excitation of oxygen and nitrogen molecule vibrations during a translational and vibrational VT energy exchange, vibrational energy exchange, nonequilibrium dissociation of diatomic molecules, radiation. 2. Developed numerical simulation model was used for investigation of the CO 2 -laser radiation effect on kinetic processes behind shock wave in air.
3. It has been established that CO 2 -laser radiation fluxes of ~10 5 W/cm 2 have significant effect on kinetical processes behind shock waves in air at velocity 12 km/sec and pressures ~10 -6 atm.
